ABSTRACT. The effects of temperature treatments (15, 20, 25, 30, 35 ±1ºC), parasite age, host age, and availability of food on the development and reproduction of the egg parasite Trichogramma cacoeciae on Cydia pomonella eggs, were examined. The results showed that temperature had a profound effect on the mean number of parasitized eggs/females and the survival of immatures to the adult stage. Parasitization was highest on the 1 st day after emergence, gradually decreasing for the next 2-10 days (depending on the temperature); it reached a peak at 25±1 ºC. The results also showed an inverse relationship between temperature, developmental time and mean adult longevity; the rate of development increased and longevity decreased with increasing temperature. The availability of food (honey) increased the parasitization rate, and the younger the host (C. pomonella eggs), the more susceptible it was to parasitization.
INTRODUCTION
The codling moth, Cydia pomonella (LINNAEUS, 1758) , is a key pest of apple orchards in Syria (SCHNEIDER 1957 , MANSOUR 2002 and many other countries (BARNES 1991) . It is also a major pest on pears, quinces and walnuts and causes tens of millions of dollars in losses to the fruit industry every year. Chemical control of this pest has led to insecticide resistance, reduced densities of natural enemies and the creation of secondary phytophagous mite problems (CARDÉ & MINKS 1995 , AL-MOTNY 1997 , VODOURIS et al. 2011 . In addition, the intensive insecticide spray programme needed to control this pest leaves high insecticide residues on treated fruits, causing difficulties with exporting the crop (BAZOCHE et al. 2014 , DAMOS et al. 2015 .
Losses to the apple production industry caused by codling moth infestation, control measures and export difficulties have given rise to a new strategy in controlling this pest. The new policy promotes the use of environmentally-friendly methods for protecting apple crops from codling moths. An integrated approach (WITZGALL et al. 2008 , MANSOUR 2010 , DAMOS et al. 2015 , MANSOUR 2015 using agricultural practices, orchard sanitation, pheromones, insect growth regulators (IGR) and natural enemies, particularly egg parasitoids, to control this pest is seriously being considered.
Trichogramma cacoeciae MARCHAL, 1927 , an egg parasitoid, was recorded on codling moth eggs collected from the southern part of Syria (AL-MOTNY 2003) . The parasitoid has been recorded before on codling moth eggs, particularly in neglected orchards, by several researchers (BARNAY et al. 1999 , MANSOUR 2007 . This species attacks tortricid eggs in general, but particularly Cydia pomonella and the European grapevine moth, Lobesia botrana (DENIS & SCHIFFERMÜLLER, 1775) (CROSS et al. 1999 , HAIDER et al. 2001 , IBRAHIM & HOLST 2001 . Augmentative releases of this species in apple orchards require sound knowledge of the factors affecting reproduction, particularly temperature, food, parasites and host age. Detailed knowledge of how these factors affect Trichogramma cacoeciae reproduction is also important for predicting T. cacoeciae reproductive potential and, consequently, its effectiveness under field conditions. The objective of this study was to examine the effects of certain environmental factors on the development and reproduction of the egg parasites T. cacoeciae on Cydia pomonella eggs. In particular, it was intended to study the effects of temperature on the rate of parasitization, the survival of immatures to the adult stage, adult longevity and the rate of development. Another aim was to study the effects of food (honey as a source of sugar) on the ability of Trichogramma cacoeciae to parasitize tortricid eggs. Finally, it examined the effects of the age of Cydia pomonella eggs on their suitability for parasitization by Trichogramma cacoeciae females and the effects of the age of T. cacoeciae females on the mean number of parasitized eggs/female/day.
MATERIALS AND METHODS

Rearing Trichogramma cacoeciae
The strain of T. cacoeciae used in this study was collected from the apple production area in the southern part of Syria (Sweida) in 2005 and reared on eggs of the Mediterranean flour moth, Ephestia kuehniella ZELLER, 1879, ever since. Rearing took place in a climatic chamber at 25 ±1C, 50±10% RH and 16: 8 L. D. (light dark cycle). E. kuehniella eggs were glued on to strips (1.4 x 6 cm) of pale yellow cardboard ("egg cards") using nontoxic water-soluble glue (arabic gum). A small piece of an "egg card" carrying E. kuehniella eggs infested with Trichogramma cacoeciae was placed in a culture tube (2.5 x 20 cm) with a tiny drop of honey on the inner side, after which the tube was plugged with a cotton wad. When the wasps started to emerge, an "egg card" carrying about 900 young (12-24-h old) Ephestia kuehniella eggs, killed by exposure to gamma radiation (MANSOUR 2010), was introduced into the culture tube. The eggs were given about 24 h to be attacked by the emerging wasps, after which they were transferred to a new, clean culture tube and a new "egg card" with fresh eggs (12-24-h old) was introduced.
Preparing Cydia pomonella eggs for parasitization
The codling moth eggs used in this experiment were obtained from a codling moth laboratory colony reared on a local diet, similar to that reported by BRINTON et al. (1969) . The codling moth colony originated from moths collected from local apple orchards in 1994 and, to maintain genetic variability, males from the natural population were introduced into the colony every summer. Rearing was done in a 27±1C, 50±10% RH and 16:8 L. D. cycle. Eggs were obtained from the oviposition cages on sheets of wax paper. These were cut into circular discs about 8.5 cm in diameter to fit into 9 cm Petri dishes with 50 codling moth eggs on each disc (surplus eggs were carefully removed).
Effects of temperature on parasitization, longevity and survival to adulthood Petri dishes were prepared, each with a disc of wax paper carrying 50 codling moth eggs (1-24-h old). One Trichogramma cacoeciae female was carefully transferred to each dish using a fine hair brush, after which the dishes were covered. The inner side of the dish cover was provided with a tiny drop of honey to feed the female. Twenty-four hours later, the females were transferred to new Petri dishes with codling moth eggs of the same age and number, and the old dishes were incubated at 25±1C, 50±10% RH for T. cacoeciae development. This process was repeated for as long as the females were alive; female mortality was recorded daily. Four days following incubation at 25±1C, the eggs were evaluated for parasitism (parasitized eggs turn black). The number of parasitized eggs and subsequently also the number of emerging wasps were recorded, and percentage adult emergence was determined by dividing the total number of emerged wasps by the number of parasitized eggs. This procedure was repeated at five different temperatures (15, 20, 25, 30 and 35C, 50±10% RH) with 30 replicates (30 Petri dishes) being used for each temperature.
Effects of parasite age on the parasitism rate
The number of parasitized eggs in the previous experiment was recorded daily for every insect and the mean number of parasitized eggs/female/day was calculated. This was done by dividing the total number of Cydia pomonella eggs, parasitized by Trichogramma cacoeciae females at a certain temperature on a particular day, by the total number of living females at that temperature on that particular day.
Effects of age of Cydia pomonella eggs on the parasitism rate
Petri dishes with wax paper discs each bearing 50 C. pomonella eggs were prepared as before. Four age groups of eggs (1-24, 25-48, 49-72 and 73-96-h old) were used, and each age group was replicated 30 times (30 dishes). One Trichogramma cacoeciae female was carefully introduced into each Petri dish; the dishes were provided with a tiny drop of honey and covered. Twenty-four hours later, the females were removed and the Petri dishes incubated at 25±1C for T. cacoeciae development. The Petri dishes were examined 4 days later, the number of parasitized eggs was recorded and the mean number of parasitized eggs/female was calculated.
Effects of temperature on the rate of development Petri dishes with wax paper discs each with 50 Cydia pomonella eggs (1-24-h old) were prepared, and five one-day old T. cacoeciae females were carefully introduced into each dish. The Trichogramma cacoeciae females were withdrawn 24 h later. The dishes were divided into five groups of 30 dishes each, and each group was incubated at one of five different temperatures (15±1C, 20±1C, 25±1C, 30±1C and 35±1C). The Petri dishes were examined daily and the start of emergence of the wasps was recorded.
Effects of food on the parasitization ability of Trichogramma cacoeciae
Petri dishes with wax paper discs each carrying 50 codling moth eggs (1-24-h old) were prepared, and a 1-day old T. cacoeciae female was carefully introduced into each dish. The dishes were divided into 2 groups of 30 dishes each. The 1 st group of dishes was provided with food (a tiny drop of honey on the inner side of the dish cover), while the 2 nd group was left without food (control). Twenty-four hours later, the females were carefully transferred to new Petri dishes similar to the old ones (with codling moth eggs of the same age and with or without food) and the previous dishes were incubated at 25±1C for T. cacoeciae development. This process was repeated for five consecutive days (>87% of the eggs are deposited within the first five days at this temperature). The incubated dishes were examined daily, the number of parasitized eggs was recorded and the mean number of parasitized eggs/female/day was calculated.
Data analysis
The data generated from the various experiments were subjected to the KolmogorovSmirnov (K-S) test for normality of error distribution and analysis of variance (ANOVA). The treatments were arranged in a completely randomized block design. Data were analysed using the Statview program (version 4.57). A post hoc test to provide specific information on means that were significantly different from each other was carried out using Fisher's protected least significant difference (PLSD) test, at the 5% level of probability.
RESULTS
The results of examining the effects of temperature (15-35±1C) on the T. cacoeciae parasitization rate, adult longevity, developmental time and survival to adulthood are presented in Table 1 . The data clearly show that temperature has a significant effect (P<0.0001) on all the parameters (parasitization rate, longevity, development and survival to adulthood). The number of parasitized eggs/female reached a maximum at 25±1C and averaged 27.1, 34.1 and 29.7 eggs/female at 20, 25 and 30±1C, respectively. At the lowest temperature (15±1C), however, the average number of parasitized eggs/female was much lower (7.2 eggs/female), and only a few Cysia pomonella eggs/female (<4) were attacked at 35±1C. The effects of temperature on mean adult longevity show that this parameter decreased with increasing temperature, ranging between 21.4 and 4.5 days at 15 and 35±1C, respectively. Table 1 also presents data on the effects of temperature on the survival of Trichogramma cacoeciae immatures to the adult stage in the same temperature range (15-35±1C). The table shows that percentage adult emergence (survival to adulthood) was the highest over the same temperature range suitable for parasitization (20-30±1C). At 15±1C, survival to the adult stage was very low (about 30%), whereas at 35±1C all the insects died before adult emergence.
The results of the effects of temperature on the rate of development of T. cacoeciae clearly show that, as in the case of insect development in general, the development of T. cacoeciae is temperature-dependent. Up to a certain point, increasing temperature decreased developmental time, but at 35 ºC all the pupae died before emergence. The age of the parasite significantly affected the mean number of parasitized eggs/female/day (P<0.0001, Fig. 1 ) and the greatest proportion of eggs was laid during the first days of life. Parasitization continued for 2-10 days (depending on the temperature), was highest at 25±1ºC, and the mean number of parasitized eggs/female/day decreased with increasing female age.
The results of the effects of host age (age/developmental stage of Cydia pomonella eggs) on the mean number of parasitized eggs/female are presented in Fig. 2 . The age of host eggs significantly affected the mean number of parasitized eggs/female (P<0.0001). The younger the eggs, the more they were attacked by the parasitic wasps; 1-24-h old C. pomonella eggs were the most suitable for parasitization by Trichogramma cacoeciae females. The acceptability of Cydia pomonella eggs to T. cacoeciae females, however, decreased with increasing age; 73-96-h old eggs (a few hours before hatching) were the least suitable for parasitization. 
DISCUSSION
The codling moth, Cydia pomonella, is the most destructive insect pest of apple orchards worldwide (CHAPMAN 1973 , BARNES 1991 and a key pest of apple orchards in Syria (SCHNEIDER 1957 , MANSOUR 2002 . Chemical control of this pest has many drawbacks, including insecticide resistance (CARDÉ & MINKS 1995 , AL-MOTNY 1997 , REYES et al. 2007 , COSTAS et al. 2011 , and resistance to biopesticides is developing rapidly (ASSER-KAISER et al. 2007 ). An integrated approach (WITZGALL et al. 2008 , MANSOUR 2010 , DAMOS et al. 2015 , MANSOUR 2015 using no insecticidal methods at all, involving such approaches as IGR, pheromones and natural enemies, particularly parasitoids, is under consideration or is already being implemented (DAMOS et al. 2015) . SMITH (1996) species as the most important biological control agents for codling moth. In fact, the importance of Trichogramma species in the biological control of insect pests has been known since the late nineteenth century, and the first use of Trichogramma in insect pest control was against the codling moth (DYSART 1973).
Comprehensive knowledge of the factors affecting the reproduction (parasitism) of Trichogramma under field conditions is essential in any augmentative release programme. The present study examined the effects of temperature, food availability and parasite and host age on the development and reproduction of T. cacoeciae on Cydia pomonella eggs. The importance of the results for any Trichogramma cacoeciae release programme in apple orchards in Syria is also discussed.
The results showed that temperature had a profound effect on parasite activity; parasite attack was the most effective between 20 and 30±1C, with the maximum effect at 25±1C. These results are consistent with those reported earlier by several researchers as the optimal range for many Trichogramma species (HARRISON et al. 1985 , BOURARACH & HAWLITZKY 1989 , NARANJO 1993 , PIZZOL 2010 , TIAN et al. 2017 . The results also show that the rate of T. cacoeciae attack peaked during the first day of life, and continued thereafter, though decreasing gradually, for about 8 days at 25±1C. At 15±1C the parasitization rate was very low, and at 35±1C all T. cacoeciae pupae died before adult emergence. This is in agreement with reports on other Trichogramma species (TAVARES 1985 , PINTUREAU et al. 1981 , PAK 1986 , CALVIN et al. 1997 , BABI & AL-NABHAN 1998 , AYVAZet al. 2008 ) and on T. cacoeciae (SERYI & MALCHENKOVA 1978 , PIZZOL 2010 , MANSOUR 2017 . The relatively low number of parasitized eggs/female reported in this study, compared with those reported by MANSOUR (2017) on the same parasitoid on Ephestia kuehniella eggs (about 50%), could be due to the fact that this Trichogramma cacoeciae strain has been reared on Ephestia kuehniella eggs for many generations. In fact, it has been shown that the degree of acceptance of Trichogramma species for a particular host may be related to their previous rearing host (KLOMP et al. 1979 , MIURA et al. 1994 .
Considering the fact that commercial apple orchards in Syria are grown at more than 700 m above sea level (700-1700 m), where summer temperatures do not often reach 35±1C, this parasite could play an important role in controlling Cydia pomonella under orchard conditions. Moreover, Trichogramma cacoeciae was reared in this experiment at a continuous temperature of 35±1C, which is not the case in nature, where the temperature fluctuates very often between day and night and even during the daytime (lower in the morning and afternoon). Furthermore, although no survival of F 1 insects was observed at 35±1C (the insects died before they could emerge), some parasitization was observed at this temperature.
Trichogramma species are usually released as pupae; consequently, knowing the age limits of the parasitoids under a given set of environmental conditions is important in determining release frequency. The results of this study show that mean female longevity and developmental time (from egg to adult) decreased significantly with increasing temperature. Female longevity ranged between 21.4 and 4.5 days for insects reared at 15 and 35±1C, respectively. Similarly, development from egg to adult ranged from 23 to 8.2 days at the same temperatures (15-30±1C) in the same order. These results are in agreement with those reported before for some other Trichogramma species. The developmental rate and longevity of Trichogramma species are inversely related to temperature (CABELLO & VARGAS 1988 , SMITH 1996 , AYVAS et al. 200, ÖZDER & KARA 20108, PIZZOL et al. 2010 ; the same applies to T. cacoeciae (MANSOUR 2017) . REZNIK et al. (1997) showed that host age is one of the most important factors in determining host acceptance by females in Trichogramma. The results of this study show that young host eggs are more acceptable for parasitization than older ones and that the acceptability of host eggs to parasite attack decreases with increasing age. This is in agreement with data reported earlier by several other researchers (MAKEE 2005 , MORENO et al. 2009 , PERVEEN et al. 2012 , MANSOUR 2017 , TIAN et al. 2017 . The decreasing acceptability of codling moth eggs to parasitization with increasing age may be due to the hardening of the egg chorion or the development of the embryo inside the egg (CALVIN et al. 1997 , REZNIK et al. 1997 , BARNAY et al. 1999 .
Food in the form of honey was shown to play an important role in the reproduction of this species: providing food significantly increased the parasitization rate. These results are in agreement with those reported by other researchers (HEGAZI et al. 2000 , ZHANG et al. 2004 , GARCIA-SALAZAR et al. 2007 , MARKO et al. 2012 , MIÑARRO & PRIDA 2013 , SONG et al. 2014 : they emphasize the importance of leaving flowering plants with their nectar as possible food sources in orchards to feed natural enemies or even of planting such vegetation in orchards.
In summary, the release of hymenopterous egg parasitoids, particularly Trichogramma for controlling Lepidopterous pests, was put forward as an important component of insect pest management programmes already more than two decades ago (LI 1994 , SMITH 1996 . Trichogramma species are also among the most important parasitoids used for insect pest control because they are easy to rear at an acceptable cost (SMITH 1996) . The effects of several species of Trichogramma as potential candidates for codling moth control have been examined before (DOLPHIN et al. 1972 , KARADZHOV 1974 , HASSAN et al. 1988 , COSSENTINE et al. 1996 , BLOEM et. al. 1998 , SIGSGAARD et al. 2017 . In fact, species belonging to the family Trichogrammatidae are the only ones that attack tortricid eggs (CROSS et al. 1999 ). In addition, Trichogramma species are the only natural enemies of the codling moth that kill this pest before it can cause any damage -the eggs are killed before they can hatch. This paper provides data on the development and reproduction of T. cacoeciae on eggs of the target host, Cydia pomonella, under different environmental conditions. The data clearly show that Trichogramma cacoeciae may be a good candidate for Cydia pomonella control within a temperature range of 20-30±1C. In addition, such data should be very useful for the mass rearing of Trichogramma cacoeciae, predicting its performance in the field and, consequently, the efficacy of released T. cacoeciae females under orchard conditions.
